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EDITOR'S  PHEFACE. 

TiiK  Livorpnol  Marine  Hiolopy  ('(iniiiiittop  wns  constituteil 
in  I880,  with  thp  nhjcct  of  investipatinp  tiie  Fauna  and 
Flora  (if  llio  Irish  Spa. 

The  tlredpinp,  Irawlinp.and  other  cnljpptinprpxppditions 
orpanisod  hy  the  Conunittpp  have  boon  rarriod  on  inter- 
mittputly  since  that  time,  and  a  eonsiderahle  amount 
(if  niatprial,  both  ]nihlish(vl  and  unpublished,  has  been 
accumulated.  N  ineteen  Annual  Ifeports  of  the  ( 'ominittee 
and  five  volumes  dealinjf  with  the  "  Fauna  and  Flora  " 
have  been  issued.  At  an  early  stape  of  the  investigations 
it  became  evident  that  a  Hiolopical  Station  oi-  Laboratory 
on  the  sea-shore  nearer  the  usual  ((dlecting  grounds  than 
Liverpofd  would  be  a  material  assistance  in  the  work. 
Consequently  the  f'ommittee,  in  1S87,  established  the 
Puffin  Island  Biological  Station  on  the  North  Toast  of 
Anglesey,  and  latei-  mi,  in  1892,  moved  to  tiie  more 
commodious  and  accessible  Station  at  PoH  Erin  in  the 
centre  of  tiie  rich  collecting  grounds  of  tlie  south  end  of 
tlie  Isl(>  of  Man.  .\  new  and  larger  liiological  Station  and 
Fish  Hatchery,  on  a  nioic  convenient  site,  lias  now  been 
erected,  and  was  opeii(>d  for  work  in  July,  1!)02. 

Ill  these  nineteen  years'  experience  of  a  Biological 
Station  (five  years  ai  Puffin  Island  and  fourteen  at  Port 
Erin  I.  where  C'dllege  students  and  young  amateurs  form  a 
large  pro|iortion  of  the  workers,  tiie  want  has  been  fre- 
(pienfly  felt  of  a  scries  of  detailed  descriptions  of  the 
structure  of  certain  common  typical  animals  and  plants, 
chosen  as  representatives  of  their  grouiis,aud  dealt  with  bv 
specialists.  The  same  want  has  probably  been  felt  in  other 
similar  institutions  and  in  many  College  laboratories. 


VI. 


The  objects  of  the  Coniniittw  and  of  the  wdikers  at  the 
Biological  Station  were  at  first  chiefly  faunistic  and 
speciographie.  The  WDrk  must  necessarily  be  so  when 
opening  up  a  new  district.  Sonic  of  the  workers  have 
published  papers  on  morphological  ]M)int3,  or  on  embry- 
oh)gy  and  observations  on  life-histories  and  habits:  but 
the  majoi  ity  of  the  jiapers  in  the  vidumes  on  the  "  Fauna 
and  Flora  of  Liverpool  Hay  "  have  been,  as  was  intended 
from  the  Hrst,  occupied  with  the  names  and  cliaracteristics 
and  distribution  of  the  many  ditferent  kinds  of  marine 
plants  and  animals  in  our  district.  And  this  faunistic 
work  will  still  go  on.  It  is  far  from  finished,  and  the 
t'ommittee  hope  in  the  future  to  add  still  further  to  the 
records  of  the  Fauna  and  Flora.  But  the  papers  in  the 
present  series,  started  in  1899,  are  quite  distinct  from  the.se 
previous  publications  in  name,  in  treatment,  and  in  pur- 
pose. They  are  called  ■'  L.M.B.f.  Memoirs,"  each  treats 
of  one  type,  and  tliey  are  issued  separatclv  as  they  arc 
ready,  and  will  be  obtainable  Memoir  by  Memoir  as  thev 
appear,  or  later  bound  up  in  convenient  volumes.  It  is 
hoped  that  such  a  series  of  special  studies,  wriMrn  by 
tliose  who  are  thoroughly  familiar  with  the  forms  of  wliicli 
they  treat,  will  be  found  of  value  by  stuilents  of  Biology 
in  laboratories  and  in  Marine  Stations,  and  will  be 
welcomed  by  many  others  working  ])rivately  at  Marine 
Natural  History. 

The  forms  selected  arc,  as  far  as  possible,  common 
L.M.B.C.  (Irish  Sea)  animals  and  plants  of  which  no 
adequate  account  already  exists  in  the  text-books. 
Probably  n^ost  of  the  specialists  who  iiavc  taken  part  in 
tiie  L.AI.B.C.  work  in  tlie  past  will  prepare  accounts  of  cme 
or  more  rcj.resentatives  of  their  groups.  The  following 
list  shows  those  who  have  either  performed  or  promised. 

Memoirs   fiom    I.   to    XIV.    have   now   been   published. 


vn. 

Anlcdoii,  liy  Mr.  CluKhvick :  Ciuicer.  liy  Mr.  I't-aisun  :  iiiul 
Doris,  l»y  Sir  ('.  Kliot,  are  imiw  far  advaiufil  and  oujflit  tii 
t)f  mi»  early  in  1!»()7.  It  is  li()])ed  tliat  ('vel()]i(inis,  Peeten, 
and  the  Uy.ster  will  follow  soon. 

Memoir  I.   .\m  idia.  \V.  A.  Ilerdnian,  (U)  jiji.,  .'i  Pis.,  :.'s. 
II.  CvuimM,  .(.  lolinstone,  !):.'  pp.,  7  Pis..  2s.  fid. 
„     III.   KifiiM  s.  11.  C.  Cliadwiek,  .'{(I  pp.,  .')  l>ls.,  '..'s. 
„      I\'.  ('oi)HM,   If.  .(.   II.  Gib.sou  und   Helen   Auld, 
L'ti  pp.,  .!  Pis.,  Is.  (id. 
V.  Alcyo.mitm,  8.  .1.  Ilieksoii,  :{0  pp.,  a  Pis.,  Is.6d. 
„      VI.  Lki'koi-utueihi  s  .\si>  Lku.v.ka,  Andrew  Scott, 

«•-'  pp.,  '}  Pis.,  2s. 
„    VII.   Li.NKi  s,  U.  C.  Punnett,  40  pp.,  4  Pis.,  2s. 
„  VIII.  I>i,AKK.  ¥.  .1.  Cole  and  .J.  .lolinstone.  2(JU  pp., 

II  Pis.,  7s. 
„      IX.  (Juo.NUKis,  (t.  V.  Darhishire,  -JU  pp.,  7  Pis., 

2s.  6d. 
„        X.  P.vTKi.i.A,  .».   II.  A.  Davis  and  II.  .1,  Fleiire, 

.S4  pp.,  4  Pis.,  2s.  (id. 
„      XI.  AuK.Mtoi.A,  .r.  II.  Ashwortli,  I2ti  pp.,  8  Pis., 

4s.  (id. 
,.     XII.  (iAM.\iAin  s,  M.  Cnssaus,    '>')    pp.,  4  PU.,  ^s. 
..  XIII.  Axi  uiDA,  A.  D.  Imms,  107  pp.,  8  Pis.,  4s. 
,.  XIV.  Lu.iA,  {'.  (i.  Hewitt.  4.")  pp..  4  Pis.,  2s. 
L'a.nckh,  J.  Pearson. 
A.MKDo.N,  II.  ('.  ('hadwick. 
DoHls,  Sir  Charles  Kliot. 
Cvci.oi'oiu  s,  F.  F.  Laidlaw. 
OYsiKtt,  W.  A.  Ilei.ln.an  and  .f.  T.  ienkius. 
PiitTLX.  W.  J.  Dakin. 
OsTRACoi)  M'vriiKHK).  Andrew  Seott. 
HtcciM  M.  W.  H.  Handles. 
IJn.n.A,  Laura  l{.  Thoriiclv. 
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VIII. 

ZosTKHA.  1{.  J.  Iluivey  Gibson. 

lliM.\xTii.\Li.v.  ¥.  1.  Lewis. 

Diatoms,  F.  K.  Weiss. 

Ficis,  .J.  B.  Favmer. 

JloTRvi.i.oiDKs,  \V.  A.  Uerdmuii. 

Ci  iTi.i-:-Fi.»ii  (Ki.KDoxt:),  AV.  E.  lioyle. 

AcTiM.4,  J.  A.  Clubb. 

Uydkoii),  E.  T.  liniwiie. 

ll.^Lii  iioNimiA  1111(1  Sv(()N.  A.  Dciidv. 

Ill  addition  (o  tiu-so,  otlu'i  Menioirs  will  be  arranged 
for,  on  snitabli'  fy]H's,  such  as  I'oijiivii.t,  Suf/ifta.  I'lmtoh- 
tlrll<i,  a  ('f>todc  and  a  I'vcnogimid. 

As  announced  in  the  preface  to  Ascidia,  a  donaticni 
from  Mr.  F.  II.  Gossage,  of  Woolton.  met  the  expense 
of  preparing  tiie  plates  in  iliustrutiou  of  the  first  few 
Memoirs,  and  so  enabled  the  ("ommittee  to  commence 
t!ie  publication  of  the  series  sooner  than  would  otherwise 
have  beeu  possible.  Other  donations  received  since  from 
Mr.  Gossage,  Mrs.  Holt,  Sir  lohu  Brunuer,  and  others, 
are  regarded  bv  the  Committee  as  a  welcome  encourage- 
ment, and  have  been  a  great  help  in  carrying  on  the  work. 

W.  A.  Uerduax. 


University  of  Liverpool, 

December.  l'J06. 
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lii)  l'li'.)|i(iila   to  ii   jriviti   cxifiit    l)i;iii<liial:    tlic 

I'ldpixlii  valve  like.  iiiHfXvd,  aniiiii);  oviT  the 

IMf<.|.n,la       -  -  -  .  .!.    r  „/,■;/,,:„. 

f-i)     llojxwla      Itiiriiiial.       ,i       l'l(Mi|MHla      I'xrliisivcly 

iMaiicliial.   ■.'(■iii'ially   <<.vcic«l   l.y  a   tliiii   (.|ut- 

fiilar  plate  (the  iiiodified  1st  pair)  -  I.  As,//ot,i. 

Ml)   Pledpoda  till  air  huMlliiiijr    -    •'•.   Oiiisn.i,!,,,. 

uii)    I'lc.pi.da    wlien    pieseiit,    exclusively    Itiali- 

ehial   ill  the  adult   animal  and   not   invered  liv 

nil  ..peiculuiii  -  .  .     (I.    I.:i,„„vi,l„. 

Ltijia  n,;„iu4„  lieloilffs  t.i  the  trilie  Uiiise„idea.  wliieli 

are  eliaia.f.'iist.d  Ijy  beiiiff  ten  est  rial.    This  tiil)e  iiieludos 

all  the  sd-ealled  "  «(,(,d.|iee."     Their  abdominal  appeiid- 

a>fes  ai-e  Htted  tor  air  l.reathiiifr,  hut   in   Lifjia  there  is  a 

very  near  approach  to  braiiehial  respiiation,  as  moisture 

is  iieeessaiy.     The  body   is  oval    in   shape,  and  the  seven 

|»aiis    of    timracie    appendajfes    are    similar    in    eharaeter. 

I.i<li,i   <„;„„ln,    was   first   des-ribed    in    ITtiT    by    Lini:apus 

;.s   n,uH,„s   .,r,„„in,s.       Later,    in    lT!t,S.    the   >,'eiius    Li,,!,, 

"as  erealerl  by  Fabricius  to  inelude  the  0,iis,„s  ,„■(■„ nkii.i 

of  Linnaeus. 


liuiUKiV. 

I.iiiia  (m.iiiini  (I»l.  I.)  has  a  wide  distribution,  and  is 
recorded  from  the  coasts  of  the  Hiitish  Ishs.  Faroe  Islands, 
.Vorway.  Denmark,  Germany,  nelffium.  France,  Spain, 
Morocro  and  America.  At  I'lyi.iouth*  I  have  found 
/./>/'■"  most  numerous,  and  of  the  maximum  size,  on 
Drake's  Island.  At  Port  Ki  in  they  occur  in  the  clilt'  neai- 
the  old  bi(doejical  station. 

...  ,*  .'  "''•''  '"'  •J'il»'>-  IMV  Ihanlis  t(i  tlie  Coumil  of  the  Marino 
liiiilnKK-ai  .\s.so.-iatioii  .,f  Croat  Britain  for  the  Um'  of  a  tuhlo  at  tlie 
Plymmiih  l.ahoratory.  during  the  K;i-.tor  v.icitiini,  lf)Ofi.  Otlu-r 
iiiatenal  lor  t!ii>  [■lonioji  wa,  oljtaiiiLcl  m  tli,.  Jfarino  Hl.ilosif-al 
Station.  Port  Kriii.  liurinii  thp  Easter  viieation-,  l^lO:i-4. 
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lifflit  (iiitv  l)i<iuii.  III  yciiiiijf  M|it'i'iiiH-liH  two  lijjlit-inlouietl 
|i:it(lics  (.criii  oil  the  iikmIJuii  line  ot  (lie  iloioal  side.  Tho 
itiloiiratioii  hii-  (ffiicinlly  -.i  iiiottlcil  iii>|M';iiiiii(o,  ilic  tlmk 
|>oltiolis  lH'ili;r  ihir  li,  ji;cM'lMC  ol  . lonely  |.ii(ktil  clii.i- 
lllillo|)lioi(-i.       Ill    iiijcctcil  s|ii'(  jliinis  ii   (lose  roiiiircliiili    U 

iilHiMvid  lictwccii  till'  ti'i'iiiiiiiitioiis  of  (lie  Kiif  cnpillnrieii 
iiiiil  (lie  (■lllc)lllalo|l||l)|•(■^.  In  ino\ilti,ijr.  thr  <  iiticlc  ot  the 
IMiMinidr  hiilt  of  llif  liody  is  «licil  lii,t.  iiml  a  short  time 
i'la|isi-i  hcfoif  lot-  aiilfiior  half  is  shed,  so  that  inilividiials 
arc  o'Icii  fouiiil  with  the  |iostciinr  half  of  tin-  bodv  li^rhtPf 
in  cnlour  than  llii»  anterior  half. 

Their  food  ronsisls  cliieHy  of  decay iiijf  animal  and 
vefjelnlde  sul»(aiiees,  and  from  a  study  of  the  contents  of 
their  jfiits.  the  latter  apjieai  to  form  a  laijfe  |>io|iiirtion  ot 
their  diet.  In  captivity  they  prefer  llie  weaker  members 
of  their  own  species,  hut  there  is  not  mudi  evidence  tiiat 
this  is  a  nalnral  habit. 

They  are  able  to  run  with  jjicat  rajiidily,  coming  out 
from  their  dark  retreats  after  sunset  to  feed,  at  which 
lime  they  may  be  caupht  with  the  aid  (d  a  ianlern.  The 
best  instrument  tor  eapturinj:  them  duriiif,'  the  dav  is  a 
fairly  lonp  wire,  havin}?  the  last  half-inch  bent  at  right 
singles ;  by  means  fd  this  'hey  can  be  e.xtracted  troiii  their 
narrow  crevices. 


KXTK.IIN  VI,    ClI  a;?  \(TKRS. 

'I'he  body  is  oval  in  slia|)e,  broadest  across  the  fourth 
ihoraeie  segment,  and  gradually  decreasing  in  size  towards 
the  jtosterior  end.  It  is  almost  twice  as  long  as  it  ia 
broad.  The  males  are  larger  than  the  females,  the  reverse 
being  usually  the  case  in  Arihropods.  They  may  attain 
a  length  ot  -'I'-i-'-'A  mm.,  the  width  ot  the  thorax  reaching 
IH  mm.      The  females  are  more  regularly  oval  in   shajie 
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iliii4  liiriiiH  it  ii'di.-  |iti<<tft'i*ii'  ii|i.     't'lif  iiiuxiilurv  (-xcretury 
•  M'^iiii  t)|icii><  at  tlif  Im^)'  III  tlif  Ki'iniiil  imixillii. 

'I'Im'  Mt'vcii  N('^tiiciit«  i)t  till'  llmriix  fnrm  llip  ^ifiitor  |iai'l 
III  ihf  aniiiiiir»  liuily.  Tlicy  mi'  rmivix  mi  their  uiiteiini' 
uuil'^iliM  iiiiil  riiiiravi-  licliiiiil.  'I  hi'  latiTal  |Mi|'tlniiN  fortn 
liiiyi'  i-|iiiiirial  iilalcM,  iilit  y  ariiiiiinali',  ami  ilirt'rUMJ 
iMickwai'iiN.  'I'lii'  M'^iiifiitM  Nli^lilly  i>v('i'lu|i,  unit  tlif 
iiiiiliii^  iiii'iiiliraiit;,  uliiili  in  mil  iiii|in'^iiali'il  willi 
ralrai't'iiiiK  tab*,  siiik»  into  llic  liy|iiiilfi'iiial  liKNiU'M.  On 
till'  viMilial  xiiirs,  » lii-ir  tlic  i'|iiiiii'l'a  jiiiii  th*-  iMitly,  th<- 
nalkiiif:  li'|;s  nr  |i«>i'i-i)i|i(iils  alisc.  'I'lic  tiiHl  tliifc  |iuil> 
III'  |ii'i'('iii|)iiilM  ail'  ap|iriixiiiiatt'ly  tin'  .saiiif  .si/c,  the  Iniil 
lour  pairs  ^riailually  iiirii'ase  in  »ixv.  The  veiitrul  wall 
III  llic  lliiiiiix  i><  thill  anil  traiiN|iareiil,  and  .streiigtheiieil 
liy  Mli);lilly  cnivi'il  trans. i'IM'  liars.  ■  In  ihe  vnilral  siilf 
III'  the  lliiirax  nf  llie  t'eniali',  the  liriiiiil-|iiilirli  tilil  nl  nva 
i>  eiy  ciinspiriiiiu:  in  the  brt'eilin^r  Measiin.  it  is  t'nrmeii 
by  laiiiellac  wliieh  ari»e  insiile  the  nriffin  iit  the  five 
4iiileriiir  pairs  of  tlinraiii  ap|icnila^i's  ami  ^row  ventrully. 
iiverlajtpiiif;  tlie  ailjaient  laniellue  ilistally  anil  laterally. 
The  paireil  leinale  genital  apertures  are  situateil  iiu  the 
inside  iit  the  lilth  pair  id  pereiiipiiils.  The  male  genital 
liroduet^  all'  ejeeted  thriiu);h  a  pair  of  stylitorni 
appendages  on  the  piisteriiir  border  of  the  hiHt  thoracic 
si'^iiient,  iniiiiediately  in  tront  id  the  branchiae. 

The  inetasoiiie  or  abdiinien  iiinsisis  iif  Hve  seffinents 
ami  the  telsiui,  and  i.s  about  a  third  ot  the  entire  length 
id  the  animal.  The  two  anterior  sejjments  are  narrow, 
and  do  not  reach  the  inar^rins,  but  are  lodged  in  the 
concave  jiosterior  border  of  the  seventh  thoracic  segment. 
The  three  posterior  segments  have  their  lateral  innrgins 
produced  into  tooth-like  backvardly  projecting  proces.ses. 
Five  pairs  of  uropoda,  which  are  ot  the  nature  of 
branchiae,  are  borne  on  the  ventral  sidi'  of  the  abdomen. 


Rni'h  rtt  ttiPst*  I'KnMiKlH  nf  an  outer  '  ii|H<ri-iiliir  '  IoIh-  unil 
III)  iiiiifi'  IiiIh*.  Ill  tlii>  iiitili-  llic  iiiiMM  tiiiirifiii-  uf  tin- 
oiitei  liilu'?*  lit  tlic  liitl  itiiii  limy,  or  iiiiiv  not,  Im'  |iii)iIiiiiiI 
into  Hhorl  !<|iitii'iiN  |iiorcsM's;  ilir  iiniir  iiiiiijfiiio  ot  iIk' 
tci'oiitl  pair  iir<>  priiiliio'il  into  two  Ion;;  ttlfinlpr  Ntvle*  for 
r(i|iiiliitiii-y  piir|MiM'>t. 

Tilt-  tcriiiiiiiil  M>^iii«>iit  or  l«-Noii  i.  romiHiNt'd  of  tin- 
lait  two  M'^nifiilN  of  the  iiicliHoini',  «lii<-|i  mi'  fiiiii'il  to 
form  11  tiitlii'r  limail  loriiiiiial  Ki>yii<i'iit.  Tin*  pimtcrior 
I'll^ff  is  fvi'iily  roiiiiilcil ;  tlif  liitiriil  porlioiiit  iiri>  iiiuiiiinnte 
mil  HiilitciHJ  ii  -tiiiiio  ill  wliii'li  the  tcriiiiiial  pair  ot  iiro|MMlii 
ariHc.  Kni-h  of  tlii'  ti'iiniiiiil  iiropoila  iiiiivtirtts  of  a  fairly 
«loiil  liadHJ  poilioii,  from  wliiili  tiii>  <ityliforiii  uppi'iiilag<*f< 
arictf.  Till*  aiiiiN  ih  a  lon^itiKliiial  >«lit  on  tin-  vi'iitrul  niili' 
ot  llip  ti>riiiiiiul  ti('|fiiii>iit. 

Till'  ixti'riial  api'itiiii'!*  iiri-  iln'  month,  thi-  <,>tiiin(irii 
of  till'  maxillary  cxnitiiy  oi(faii»  on  tin-  luiitinHHlitoM  of 
thf  sftond  piaxillai',  llif  opi'nin>r»  of  tin-  oviduriM  at  tlif 
liajif  of  till-  tiftli  pair  of  pfiriopod!*,  or  id  tlir  vaHa 
di'feriMitia  at  tin-  pontfrior  liordir  of  thf  vpiitral  (tide  of  tho 
si'Vi'iith  thoiari.'  scffiniMil,  and  thi'  anus. 

Al'l'KXIIUiKJi. 

The  flratpair  of  antennae  (I'l,  11.,1m|{.  i)  may  ».f  truly 
lalli'il  aiiti-niniU's,  as  they  are  extremely  Hiiiall,  lueasuriiiff 
a  little  over  1  mm.  in  length.  They  are  situated  infernal 
to.  and  at  the  base  of.  the  seeond  antennae.  They  are 
triartieulate,  the  termiiial  joint  lieiii),'  (piite  rudimentary 
and  hearing  two  terminal  groups  of  small  setae. 

The  second  pair  of  antennae  (I'l.  II.,  Fin.  -2)  are  Ioiik. 
attaining  a  length  of  ','")  mm.  in  the  male  and  14  mm.  in  the 
female;  when  folded  hack  they  extend  to  the  posterior 
border  of  the  fourth  thoraeie  segment.  The  protopodite 
is  composed  of  five  joints,  the  tourfh  and  fifth  being  the 


Iniyi-«l :  thi'  lilili  join)  •■i|iiaN  in  Icii^ttli  tlii>  |iri>\iiiiul  Kvi> 
jiiiiilM  of  the  riiifrflliiiii.  Till-  lia^illiiiii  muy  huvc  uh  niuny 
HN  II  "I  I  I  joiiilM,  wliii  h  iiri-  wIkm',  flif  •«'tiic  \winf[  of  two 

Tlii>  mandiblM  (i'l-  II..  ti^^H  :i.  4)  mi'  \<'i'y  |Niw«-i-fMl  uiid 

I'oiiNiitt  of  u  ^ili);))'  |iriito|HHlJ  '.  'I'lir  |><>ilM  of  itttiicliiii«>ilt 
U  I)  <lui|M'il,  ilic  <'iii-vr  iM'inir  iiiii'iiuil.  Kioiu  llu<  antiM'ior 
I'liil  of  tlif  i'\l*'iiial  iHirtlt'i,  ii  |Miw<'i'fiil  lootli-lM'iii  iiiff 
pi'iH't'Mit  I'UivcH  iiiH'ui'tU,  t'oi'iiiiii^  II  i|iiiiilt'iinl-i<lin|R>il 
iiiitfiior  furl'.  Tin'  iiiivf  of  till'  i|Uiiilitiiil  is  external; 
till-  lower  liili'  JH  partially  allarlifil  am'  tlii'  veitirnl  itiilp 
iH'ai^  till'  niaiiiiriMiliii  |irii('i"«Mi'«.  Ihti'iiially.  on  llii« 
vertical  «iiie.  there  are  a  "Iniii  innlar  proi'i'ss,  tile  flat 
I'Nireliiilv  of  wliieli  i*  eoveieil  with  iniliille  <lim('ly-»ol 
teeth:  a  miiall  |ial|iiforiii  Ntriietiire  hearing  Heto«e  lili«tle*, 
ami  two  Mtoiit  iiuiiiililxiiar  teeth  M>parateil  by  a  muw^,  each 
heiiiji;  •»iil»-(liviileil  into  (hue  Mualler  teeth.  The  ventrnl 
iMJp'  of  tiie  inamlihle  i»  proilueeil  into  a  rniimled  k(>«l, 
whieh  gradually  iliniinitlii-rt  in  depth  towaidM  tlie  poHterior 
I'dffe. 

The  flnt  pair  of  maxillae  (I'l.  II..  fi^.  ■*>).  Kaeli  nui\ilhi 
i^  eoiiipiKi'd  ol  (wo  hd>e!<.  The  outer  lohe  i>'  ealeilied  and 
niiieii  ''tronp'r  (han  (he  inner,  wiiieii  i>  more  tlexible. 
Til.'  inner  lohe  i*  (erminrted  hy  thiee  defle.\ed  tost* 
liristleH;  the  outer  IoIm-  has  a  (eriuinal  |;roup  of  aiiort 
(hiek  spines. 

Tlie  second  pair  of  maxillae  (I'l.  II..  fi<;.  t'>)  are  iitKoh 
niiidihed.  hein^  thin  and  tiexihh'.  Kacii  eoiisistM  of  n  Inn^ 
prot(i|)odite,  terminated  hy  .in  ohlii|t''.'  setoxe  joint 
having  internally  at  its  base  two  setose  bristles.  The 
maxill 'ly  exeretory  orj;an  opens  at  the  base  rd'  the 
piolopodite. 

The  maxillipedeB  (PI.  11..  i\n.  7)  an-  clusely  u)>pruxi- 
ninted  on  their  inner  sides  and  joined  at  the  base,  so  that 


llii'V  1(11111  iiii  outer  lower  lip.  Kiicli  eoiisisls  o)  ;iii  inner 
i-ectiiiijfulur  pliite  spinose  al  its  iinleiioi  niaijrin.  and  iiii 
outer  live-jointed  ]»al|>.  'I'lie  joints  of  the  palp  are  sjiinose, 
eaili  of  the  four  distal  joinl>  liavinj;  on  its  inner  side  a 
setose  pad.      At  the  hase  there  is  a  small  lamella. 

The  pereiopods  (I'l.  II..  tif,'s.  H,  '.»)  or  ainliuhitory 
appendaffes.  Kaeh  ]>ereiopiid  eonsixts  of  a  basal  protopodite 
and  an  endopodite.  which  is  eoniposed  of  live  spinose  joints 
( isehiopodite.  nieropodite.  earjiopodite,  propodite  and 
daetylo])oditej.  In  the  posterior  pair>  ol  pereiopods,  llie 
earpo|)odite  and  projiodite  are  Ion;,'  in  eoniparison  with 
the  other  joints.  The  daetyi<ipodile  hears  two  strong'  re- 
eurved  eluws. 

in  the  female  each  ot  the  anterior  five  pairs  of 
pereiopods  (PI.  II.,  ti^r.  ll^'i  sulitends  a  thin  foliaeeoiis 
lamella  whieli  curves  downwards  and  inwards.  overla|)|)in^ 
the  oppo.sile  ami  adjacent  lamellae,  and  thus  they  foini  a 
hrood  |Hiueli  in  which  the  e^'^'s  are  carried.  These  lanudlae 
are  not  ou(-^'row  tiis  of  the  linihs,  hut  of  the  sterna. 

Abdominal  appendages.  'I'hcre  are  live  pairs  of 
ahdiiniinal  appendages  or  pleopoda,  and  a  terminal  pair  rd 
iiropoda.  Kaeh  pleopod  (1»1.  II.,  M^'s,  II,  l-'.i  consists  of  a 
pear-shaped  superior  hdje  covering  a  s:nall  infcrioi'  larrrella. 
In  the  teri'cstrial  isopods,  the  outi'r  lohe  is  teirned 
opercular-  and  the  inner'  hrarichial.  In  /.////(/  both  are 
hrairehial,  as  will  he  shown  later'. 

At  the  base  of  the  outer'  cd^'c  of  the  sMiierior'  lobe, 
ther-e  is  a  small  lamella.  The  ed^'c  id  the  superior-  Inbe  is 
fr'in^ed  with  a  bor-dei  of  setose  bristles  The  sccoikI  pair 
id'  ])leoiioils  are  rrroditied  in  the  nrale  by  having  a  two- 
joirrted  style  arising  at  the  liase  of  the  innei'  margin  of 
the  superior  lol»e  ll'l.  II.,  fi^r  lOi.  The  style  i.s  lonp  and 
grooved,  aird  reaches  to  the  forrrth  pleopod,  its  distal 
extremity    is   slightly   swidlen   and    finely    poiirted.      It    in 


It 


tor  c.puliili.rv  i.uiiM.st'B.  'I'lu'  su|.fri"i  l"l)f  <'!  ">'•  ''"*' 
puir  "1  plfopo-ls  i.lx.  may  be  in.Mlitir.l  sli};litly  tor  .niiuhi- 
t.ny  puiposfs.  The  liiini,  tnuitli.  im.l  Hftl.  |kuts  ..I 
,,l,.i.|m<ls;nc  vny  simihir  in  clianicicr.  llir  tl.ii.l  piiir  iM-ing 

the  largest. 

The  uropoda  (I'l.  11.. ii^.n)  an-  sitnaUd  at  tlie  poHtc-nur 
,.<lp>  (it  till-  sixth  alHlmiiinal  scffiiiciit  or  iclsi.n.  ihf  pleural 
rifrioiis  <.f  which  are  produced  posteriorly,  thus  foriiiii.};  a 
small    -iir.is    in    which    the    uroiiods   laii    heiid    laterally. 
Kiuh      consists      of      a      stout      hasal      joint       whi.h      is 
wi.h'sl  in  the  middle  and  trun.ated  dislally.     The  nii(hlle 
reffion       is      thick,       narrowing'      «.tt      sharjdy      to      the 
outer   edge,    and    slightly    to    the    inner  edge,    which    is 
i.djaceiit  to  that  ot  itx  fellow.     Distally.  two  setose  styli- 
form   processes  arise.     These  are  about    twice   the  length 
of  the  basal  portion       During  life  they  are  carried   in  a 
diverged    position,   being   separated    verti<ally    by   a    wide 
angle.     The    inner    style    has    a    well-developed    terminal 
spine  which   is  trailed  over  the  ground,  and  is  pndiably 
of  a  sensory  nature,  as  it   has  >iinilar  nervous  c-onncctions 
to  the  sensorv  bristles  (d'  the  antennae. 


iJoin  Wm.i..  MisiiLAit  SvsTKM  \Ni>  Hoiiv  Cavity. 
The  body  wall  consists  id'  three  layers,  the  outer 
cuticular  layer,  the  hypodermis  and  tiie  connective  tissue. 
The  cuticular  layer  is  composed  of  a  thin  cuticula  resting 
on  a  thicker  layer  of  chitin,  in  which  two  distinct  layers 
can  generally  be  observed  (IM.  IV.,  tig.  ■',}.  The  chitin  is 
imiiregnated  with  salts  of  calcium,  which  cause  it  to  have 
;i  fairly  resistant  and  brittle  texture.  Hetween  the  segnn'Uts 
the  chitinous  layer  is  thin.  In  thi'  middle  region  of  the 
dorsal  side  the  intersegmental  membrane  does  not  dip 
deeply  into  the  tissues,  as  it  does  at  the  sides.  The 
cutieula  l)oars  spines  and   setae   in   many  regions  of  the 


1-2 

l)ody.  'I'ln'  l(y|)o<U>riiiiii  hiyei-  is  comiMisei!  of  a  single 
layer  of  cubiciW  cells.  I  ihIci  ncnth  the  liyjMidermis  the 
rhroiiiiitoplioics  arc  loiiiid.  The  rest  of  the  Iiixly  wall  is 
iiiiiilc  u|i  of  roiilioctivc  tissui',  ill  wliirii  groii|is  of  liiij^c 
;i(li])osc  tissue  cells  occur,  'riicsc  hisf  cells  also  occur  in 
iiirpe  numbers  on  the  wiill>  of  the  alimentary  ciuial,  aii<l 
iloiNiil  to  the  heart.     (1»1.  II.,  lijj.  1(1,  ml.th.) 

The  body  cavity  (//.<.)  is  a  haeniocoel,  (he  alimentary 
canal  and  other  organs  being  in  contact  with  the  blood. 
A  horizontal  sejitum  (.«/<.)  divides  the  body  cavity  into  a 
small  dorsal  pericardial  eavity  en(  losing  the  heart,  and  a 
large  sinus  enidosiiig  the  other  organs. 

Ihe  niu.si  uiar  system,  excluding  the  mus<de.s  of  the 

wall  of  the  gut,  heart,  &c.,  consists  of  three  sets  of  muscles 

1,    those   in   connection   with    the  ga8tri<-   mill;    •>,   the 

muscles  moving  the  segments  of  the  boily ;  •'!,  the  niUiscles 

moving  Ihe  appendages. 

The  muscles  are  composed  of  striated  muscle  fibres. 
'Ihe  muscles  conliolling  the  gastric  mill  occupy  almost 
the  whide  of  the  cavity  of  the  cciihalon  and  are  very 
conspicuous  on  opening  this.  They  arc  attached  to  the 
dorsal  side  of  the  cephalon,  and  most  of  them  are  inserted 
into  llie  large  lateral  cardiac  teeth.  The  muscles  moving 
the  Mgiiieiits  of  Ihe  body  are  also  segmented,  but  the 
musele  segments  alternate  with  the  body  segments.  On 
each  side  of  the  dorsal  line  there  is  a  series  of  longitudinal 
muscles  {i/./.m.}.  The  anterior  end  of  each  bundle 
of  mus(le  fibres  of  this  series  is  iii.serted  immediately 
behind  the  anterior  end  of  one  segment,  and  the  posterior 
end  is  inserted  at  the  anterior  border  of  the  sueeeeding 
-egiiienl.  In  the  lateral  regions,  where  the  cuticle  dips 
into  the  body,  a  number  of  obliijue  mu.sele  bands,  which 
form  a  series  of  muscles  on  each  side,  have  their  posterior 
ends    attached    to    the    anterior    wall    of    the    cuticular 


1ft 

invagination,    anil    tlieir   anli'iicr    .-n.ls    attailit<l    to    the 
hvpoflpiniis  of  tlie  middle  of  tlic  incfdiiifr  scpmcnt.     In 
tli!>  lateral,  and  aJMi  tlic  .'i)ini.'ial  r.'>;ioiis.  tlic  Ix-dy  cavity 
isi  almost  (intiieiv  lill<'<l  ii|i  willi  tlic  muscles  nioviiifr  the 
appeiKlafrcs;    these    muselcs    arc    attached    to    the    doisal 
side    of    the    animal    in    these     rcfjioiis    {l,r.m.\.       Tlic 
lohfritudinal    muscles    of    the    vential    side    (c/.m.i    have 
tlieir    attachments    similai    to    those    of   the    doisal    side. 
The  joints  of  the  thora.ic  aiipemlafics.  like  the  appen.lajjes 
themselves,  arc  provided  with  cxteii-or  and  Hexor  muscles. 
The    mandihles    are    provided    with    a    powerful    set    of 
Mius(des,  attached  to  tiie  dorsal  siilc       The  proximal  ends 
of    the     reniainiiifr     moulli     ai>peiida};es     have    thickened 
skeletal  rods,  forming  an  internal  framework,  to  which  the 
muscles  movinp  them  arc  attached. 

TlIK     DlliKSTIVK    SVSTKM. 

The  difrestive  system  coiisi>ts  of  the  alimentaiy  canal 
and  its  frlmi'ls  *•"'  ^"I'vaiy  >rlaii.ls.  and  the  hepalo- 
pancreas  or  digestive  gland. 

The  alimentary  canal  can  lie  divideil  into  four  iiarts 
the  oeso])hapus,  the  stomach,  mi.l-gut  and  recttim. 

The  oesophagus  (PI.  II..  ^'A- 1.">  ""*•)  "l"-"^  ''.^  •'  '-lit-'i'^c 
aiierture  Mirrounded  by  the  mouth  appendafres.  !•  ^  couisc 
is  almost  verti.'.il,  and  it  opens  into  the  anterio,     !m1  of  the 

stomach  on  thi'  ventral  side.     Tin so|diagus  receives  the 

secretions  of  the  salivary  (rlnnds. 

The  stomach  forms  an  etiicient  mill  for  tritnratinp- 
the  miscellaneous  suhstiinccs  uiion  which  the  animal  feeds. 
It  lies  in  the  ceidialic  and  first  thoracic  segments.  The 
wall  of  the  stoniaih.  which  is  composed  of  columnar  cells, 
is  lined  with  chitiu.  and  is  folded  in  a  complicated 
manner;  thus  a  number  of  chitinons  hnneilae  are  formed. 
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which  jn'ojcct  into  tlie  cavity  of  ihc  sttiiiiiirh.  The  (hiixal 
wall  of  the  stoinacli  is  alimi^t  flat,  and  is  ('(intiiiunus 
IMisti'iiorly  with  (he  iiiiii-};iit.  The  aiitci-{iii'  end  of 
the  sloiiiacli  is  slightly  ohlicjuc,  and  when  seen 
from  the  n]i|)ci'  suifa<'('  is  sciiii-cirrulai'.  'I'lic  plati-s 
and  "  teeth  "  which  foini  the  pastiic  mill  aic 
airanjred  in  the  following  mannei'.  <  hi  each  of 
the  latcfal  mai>;ins  c>;'  the  aiilciioi-  end  of  the  stomach 
a  hilohed  anii»illifoi'm  trituiatinf;  'tooth'  (Fijf.  1").  I.i-.f.) 
ai'ises,  and  meets  its  fellow  of  the  opposite  side  above  the 
opening  of  the  oesophafrns.  'I'liese  lateral  caidiac  teeth 
ai-e  the  chief  masticatory  a>;ents  of  the  jjastiic  mill. 
Metweeii  these,  on  the  anterior  wall  of  the  stomach,  three 
ti'cth  til!  up  the  space,  a  small  median  antetioi'  tooth 
im.ii.l.}  situateil  1)etwi>en  two  autero-lateial  teeth  (<(././.]. 
Postei-iorly,  the  closure  of  the  entrance  to  tjie  stomacii  is 
ctt'ected  by  a  ventfal  tiansveise  setifei-ous  ridpe,  the 
vential  caiiliac  tooth  Ir.i-.t.).  In  the  pi'eceding  description, 
the  word  "  tooth  "  has  been  used  to  desijrnate  a  chitinous 
protuberance  of  the  v  >11  of  the  stomach,  which  is  covered 
with  slunt,  closely-set,  re-curved  setae.  On  tiic  ventral 
side  of  the  stoma<'h,  in  the  middle  rcfjion,  three  tooth- 
shaped  |)rocesses  arise,  their  apices  directed  backwarils: 
they  aic  the  median,  ventral  and  ventro-latcral  teeth 
{r./.f.\.  (hi  each  side  of  the  i-ardiac  i-e^ion  of  the  stomach. 
a  narrow  lamella,  the  lateral  cardiac  lamella  (/.<./.)  runs 
in  an  obli(|Ue  dii'cction  fron;  the  antero-dorsal  rejrioli  to 
the  ventral  side,  end  leiiiiinates  near  the  ventro-lateral 
tooth.  In  the  pyloric  rcfrioii  of  the  stomach,  a  deej) 
invafjination  of  the  dorsal  surface  foiins  a  broad  dorsal 
lamella  ul.l.\.  which  extends  across  the  dorsal  side  and 
half-way  down  tlu'  lateral  sides.  IJetwcen  the  lateral 
portions  of  the  dorsal  lamella  and  the  wall  of  the  stomach, 
two  larjre  lamellae  ir.l./i.l.i  have  their  lateral  limits:   these 
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the  voiitrii-latoial  pylniic  lamcUiic.     Tbi'V  arise  on 


tlx' 

itial  side   iiiiiiic(liat<'lv  Itcliiiitl  tlic  Vfnlio-latciiil   Icctli. 

,h-  I. 


Their  ventral  nitres  :iliii(.-t  ni.el  aloiit'  tlwir  wlmle  lenfrtli  : 
llieir  lateral  edjre-  extend  in  an  ol)li(|Ue  direeti.m  from 
behind  the  dorsal  lamella  l<.  the  ventral  side  at  the  anterior 
end  of  the  mid-frnt.  where  ea(  h  ventro-lateral  lanu'lla 
terniinatfs  in  a  liiie  [mint. 

The   mid-gut  (I'l.  IL.tii,'-  IB  w/«/,./.)  •■Mends  i)i  asiraiglit 
line  from  the  posterior  .'nd  rif  the  stonnieh   to  the  rectum 
in  the  iHisterior  region  of  the  abdomen.      It   is  of  uniforn 
width   throU}:hont,   exee]>t   at   the   posterior  end.   where   it 
narrows  eonsiilerably.  and    is   surrounded   l>v   a   sphincter 
muscle.     Three   refjiiUis   can    Ih'    rou<.'hly    made    out,    ihc 
arranfrenient   of  the  epilh(dial   cells  of  the  jrul    heinjr  th" 
means   of   demarcation.     The    wall    is   coTiiposed    of    three 
layers,    an    outer    muscular    layer,    a     median    liasemeni 
inemltraiie.     and     internally    the    epitlndiuni.     which     is 
covered  by  a  chiliuous  intima.     This  intinia  is  perforated 
and  is  shed  when  tin  animal  moults.     The  muscuhir  layer 
is  composed  of  two  sets  id   muscles,  an  outer  hm<rilutlinal 
und  an  inner  circular  layer,  but   this  only  applies  >trietly 
to   the   anterior   en<l   (d    the    mid-frnl  :     further    buck    the 
mus(  le  Hbres  beconu'  sei)aiated  by  the  buljrin^'  out  (d  the 
epitaelial  eells.     The  epithelial   cells  .d  the  ;r'it   ale  very 
laifre    and    ciuitain    covrespondin>rly   lar-re    nuclei        'I  hey 
form   a   >yucytiuni.   as  they   do   not    possess   complete   cell 
wall>.  but  a--  separated  by  inter-cellul  ir  tibrev,  cNtendinj;- 
from  th.'  basement  membrane  to  the  intima.  and  pr<d)ably 
(d'  cytoplasmic  ori^rin.       The  in  rann-cnient  .d  the  epithelial 
c(dis   varies   in  different    i.-fiions  of   the  inid-<rul.      In    the 
interior  rejjion,  which  is  all"-'   half  the  entire  :enfrth  (d 
the  mid-f.'Ut,  the  cells  are   irrefrularly  ariaM!.'ed.     On   the 
lateral   si<les  they   e\l<Mid    in    loiifritudiiml    rows;    the   two 
median  ventral  row>  id  cells  extend  from  the  anterior  end 


lit'  tli<-  iiiiil-^ut  to  the  piiNtt'i'ior  ciiil.  On  liic  iloiNiil  s'uU'  of 
tin-  itntfriiir  rcjrioii.  in  the  inciliiiii  line,  ii  lyplilnnolc  (t.f/.\ 
ix  toinicd  liy  tlic  tlooi'  of  a  finiovc  Ix'inp  ic-inviifrin;it('il ; 
|mst('i  ioil\ ,  the  si(l«'s  of  tlif  ffroovc  widen  out  into  aw 
clonpntc  M|)ooM-sliii|HMl  stinctiivf.  'I'lii'  tniii'tioii  of  iht' 
ly|>lilosol('  is  probablv  not,  iis  i>  iisuiil,  to  iissiHt  in  the 
;ilisorption  of  food, hut  to  provide  ii  cliiiniiel  ;iloup  wliirli  the 
-(■(•letion  of  tlie  liepiitiipan('ie:is  is  ahie  to  flow  (o  tlic  middle 
region  of  the  intestine  In  the  middle  region  of  the  niid- 
jriil  the  opitlieliiil  cells  exhil'  ii  very  icjjular  aiianfTfUHMit. 
They  ai'e  arran};ed  in  donl)le  rows,  whieh  run  out  in  an 
oh|i(|ue  diiection  from  the  meilian  line.  The  rows  id  cells 
piojecl  into  the  hodv  cavity,  mi  that  fii'ooves  are  formed 
between  the  double  rows.  In  these  (,'rooves  the  mu.srle 
hbres  are  lodfjed,  underneath  the  blood-ves.nels  from  the 
intestinal  arteries.  The  posterior  iPfrioii  is  maike(l  by  the 
pieseiice  of  the  sphincter  muscle,  which  sejiarates  the  mid- 
pnt  from  the  rectum.  In  the  sphinctal  repion  the  faecal 
pellets  are  formed. 

The  rectum  is  a  short  uniform  tube  o|iciiin}f  l)y  the 
lon);itudinal  slit-like  anus. 

The  salivary  glands.  Theic  are  two  jiairs  of  salivary 
glands  situated  in  the  ce|)halon,  on  each  side  of,  aud 
opening  into,  the  oeso])hapus.  Each  is  made  up  of 
a  laifje  iiiiinber  of  rosclle-like  ma>>cs  of  jifland  cells,  which 
are  very  similar  to  the  mucous  p'laiids  described  by  Allen 
(lS!t'J)  in  I'liltumiint'tis.  In  section,  they  have  the 
appearance  shown  in  the  tijrure  ( I'l.  II.,  tig.  17).  Ea<'h 
aciinis  is  made  U])  of  a  number  of  concentric 
cells,  in  which  two  regions  can  be  recognised  a  peripheral 
cvto]ilasmic  region  coutaiiiing  the  nucdeus,  and  a  central 
glandular  regioli.  Kach  of  the  cells  has  at  its  internal 
a|)ex  an  intracellular  duct  [ic.il.i,  whiidi  opens  into  n  duct 
common  to  the  mass  of  cells  (r.i/.}.     This  duct  is  probably 


foiinod  by  ii  single  cell,  th<>  nucleus  of  whidi  cidi  he  seen 
near  the  centre  of  the  gUiiitl  \ii.i\(l.). 

Tile  hepatopanoreas.  I'liis  is  nlso  known  ns  the  liver 
and  the  diffcstivc  jrlaml;  (he  last  nnine  ilescrili«'s  its  true 
function.  In  Lir/in  it  consists  of  three  pairs  of  tubules, 
which  extend  from  the  pyloric  repion  of  the  stontacli  to 
the  jiosterior  end  of  the  abdomen,  wluie  tiiey  gradually 
taper  olf,  and  aic  peneially  doubled  back  f<ir  a  shint 
distaiue.  The  liiree  ])airs  are  situated  in  relation  to  the 
intestine,  dorso-lateral,  ventro-lateral  and  ventral  (IM.  II.. 
tig.  l(i,  r.  ficji..!-/.  /itp.u  The  muscles  of  (he  walls  of  the 
distal  two-thirds  of  the  tubules  are  so  arranged,  that  a 
spiral  apjjcarance  is  jirodueed.  The  spiral  arrangement 
of  the  muscles  no  doubt  aids  their  peristaltic  con- 
tractions. The  tubules  of  each  side  open  into  the 
IH'loric  region  of  the  stomach  by  a  single  aperture, 
behind  and  bcdow  the  ventro-lateral  teeth.  The  two 
ventrally  placed  tubules  of  each  side  fuse  and  then  ojn  ii 
into  the  stonuich.  Anterior  to  the  opening  the 
dorso-lateral  tubules  curve  ventralwards,  and  fuse  with 
the  anterior  end  of  the  ventro-lateral  tubules.  A  small 
tube  is  given  off  from  the  front  of  the  common  hepatopau- 
creatic  duct,  which  run's  foiwanl  for  a  short  distance  and 
ends  blindly.  The  epithelial  cells  of  the  hepatopancreaa 
are  of  two  kinds  large  secreting  cells  containing  large 
nuclei,  and  smaller  cells  which  may  be  either  young 
secreting  cells,  or  cells  of  an  excretory  nature. 

The  physiology  of  the  digestive  system  of  terrestrial 
Isopods  has  been  studied  by  Murlin  (1902).  He  finds 
that  the  secretion  of  the  hepatopancreaa,  which  may  be 
liberated  by  the  dissolution  of  the  cell,  fragmentation  of 
the  cell,  or  evacuation  from  the  cell,  contains  ferments, 
which  are  able  to  act  upon  proteids,  carbohydrates  and 
fats. 
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Vascjlar  Svstkm. 

D.-laf,'*'  llHMl)  liux  (Icxtrilx'l  llu-  vaxular  »\s»tiu  of 
Liqin  ocawini  in  hiH  Memoir  on  the  circulation  of  the 
E.irioplid.alniia,  an.l.  .-x.-.M.!  in  a  tVw  .l.lails.  my  n-Hult* 
conKrm  hit*  account. 

Tl...  heart  (IM.  III.. »!«.  1.  m)  is  a  tairly  wi.le  tubular 
struc'urc,  extt-nding  from  the  fifth  abdominal  .scpment  to 
the  anterior  end  of  the  fourth  thoracic  sepment.  Thi» 
posterior  position  of  the  heart  is  correlated  with  a  posterior 
position  of  the  organs  of  respiration.  Its  ^valls  are 
muscular,  and  are  perforated  by  two  ostia  («.<M.  wliich  arc 
oblique  slit-like  orifices  pi-ovided  with  muscles  an.l  two 
small  inwanllv  projecting  ««!>«•  'Hh-.V  ate  situate.l  in  the 
anterior  and  posterior  regions  on  the  right  and  left  sides 
respectively. 

The  pericardium  (Fl.  II.,  ««.  Iti,  /-...)  extends  from  the 
anterior  end  of  the  heart  to  bey.md  the  posterior  end. 
It  receives  the  etferent  vessels  from  the  branchiae,  and  i.s 
.■ontinuous  with  the  venous  lacunae  in  the  anterior 
regions  of  the  Imdy.  it  is  separated  from  the  body  cavity 
by  a  hori/A.ntal  sei)tum  upon  which  the  heart  rests. 

The  heart  is  continued  anteriorly  as  the  median 
aorta.  On  each  side  four  arterial  thoracic  trunks  arise. 
The  first  pair  mav  be  termed  the  lateral  arteries;  the 
remaining  three  pairs  are  the  hfth,  sixth  and  seventh 
thoracic  arteries,  and  they  arise  in  the  anterior  halt  of  the 

heart. 

The  median  aorta  (PL   HI.,  Hg.   1 '/•""•>  v""-* 

forward  along  the  dorsal  wall  of  the  gut  to  the 
cephalic  region.  In  the  aiiteri..r  region  of  the 
second  thoracic  segment  two  arteries  arise  from  the 
dorsal  side,  and  run  a  sinuous  course  in  the 
hypodermal  tissues  towards  the  epimera.  In  he  tirst 
thoracic  segment  a  pair  ..f  large  arteries  arise  laterally 


1!( 

nnd  niii  iiutwanlt  at  lijflit  aiiplco.  Raoli  jyivt  s  nff  a  larj^e 
biaiirh  wliirli  siipplicii  the  walls  i.f  tli(>  s»«nia<h,  a  biaiich 
niniiiiiff  t(i  tU(>  hepatic  tubulis,  a  few  small  arteripg  to  the 
soft  parts,  ami,  alter  pivinp  ot»  another  branch  which 
runs  into  the  opimcroii  (ep.urt.),  it  unites  with  an  artery 
(i)  which  is  llie  anterior  prolongation  ot  the  lateral  artery. 
Immediately  on  enterinjr  the  cephalic  segment,  a  small 
median  unpaired  artery  ari^c-  on  the  dorsal  side,  and 
bifurcatinjf.  runs  in  the  hypodermis.  In  front  of  this  the 
aorta  jfives  off  a  pair  of  ophtiialmic  arteries  top.  a.)  which 
run  outwards  to  the  eyes,  pivinjf  off  many  sma'l  branches 
to  the  soft  parts.  The  aorta  now  bends  down  i,i  fiont  of 
the  stomach,  where  it  dilates  somewhat,  the  dihtion  lying 
in  a  cavity  on  the  anterior  face  of  the  stomach.  This 
dilation  serves  as  a  kind  of  ce|)hali('  '  heart,'  as  it  has 
on  each  side  muscles  connected  with  a  pair  of  chitinous 
rods  fi-om  the  anterior  face  of  the  stoi.iach.  These  muscles 
will  aid  in  the  contracticm  and  dilation  of  the  cephalic 
'  heart,'  and  so  help  to  pump  the  blood  into  the  rest  of 
the  vessels  of  the  median  dorsal  aorta;  the  blood,  on 
account  of  the  posterir>r  position  of  the  heart,  would  not 
be  driven  into  these  vessels  so  etfectively,  if  it  were  not 
assisted  by  th(^  action  of  the  cepliulic  heart.*  At  the  point 
where  the  aorta  bends,  it  gives  off  dorsally  a  small  median 
artery,  and  lower  down  two  median  un])aired  arteries, 
each  of  which  bifurcates,  the  suj)erior  mic  supplyijig  the 
posterior  side  of  the  ceiebral  ganglion  (ret:  i/.\,  and  the 
inferior  artery  the  anteriiu'  side  of  the  ganglion.  The  aorta 
then  bifurcates.  Kach  branch,  besides  giving  off  numerous 
small  arteries,  which  can  be  better  undiMstood  by  reference 
to  the  figure  (PI.  III.,  fig  2),  gives  off  a  large  antennary 
artery   (nnt.arf.),   and    is   then    continued   as   the   facial 

•  Contrai'tile  va»ciilar  saos  occur  in  the  lieacls  of  iprtain  insects. 
Pawlowa  (1895)  ha.s  described  them  in  the  heads  of  certain  Orlhoptera. 
and,  according  to  Selvaticu,  they  occur  in  certain  Leiiidoptera, 


nrtcry  (ftir.  art.),  whi<li  HUj)i>li«">  tho  ninndiWpit  nnil  the 
lalcrnl  rvfium*  <•»  tho  face.  X.itlicr  the  iiij.rtion«  i.or  the 
iteiial  mictions  h1m.w.'(1  any  o.NophaK*'"!  riufx  of  tho  nature 
,l.'s.iil..>.l  hy  J).k>r.'.  Sev.ral  mumW  aiti-iies  an-  ^ivcn  off 
from  thi-  posicrior  bonh-r  <.(  tht«  antcnno-facial  aitfiip* 
whii-h  KUi-ply  the  (.••soi.ha^Mis  (,.rs.„rl.)  and  n.-iphlmnrinfr 
»oft  juuts  us  will  h4'  wen  fn.ni  th."  fiRun-.  Th.-  fart  that 
in  many  casi's  tliMP  (.mall  art.-iios  (lilat.>  t(i  an  PxaRpcratrrl 
extent  when  injeiteil,  may  iic.ouni  toi  th.'  nuNtake. 

The  lateral  arteries  fl'l  HI.,  ^k-  L  /"'"''•  '"" 
l..;war.l  iin.l  outwanl  fioi.i  the  anteii.u  end  of  the 
heart,  ami  ir.  tin-  lirst  thoiaeie  sejfmenl  each  anaHlo- 
mo»..s     with     the     transverse     artery     from     the     .lorsal 

ta.  <»n      the      external      side      of      eaeh      lateral 

artery,  four  liioraeic  arteries  ari^e  |i..  u.,  hi.,  iv.), 
suppiyinfr  tlie  Hrst.  -eeond.  third  and  fourth  thoraeie 
sepmcnts.  On  the  internal  side  of  the  thoraeie  artery  a 
number  of  branches  are  ),'iv»ii  off  whieh  ramify  on  the 
walls  of  the  >.Mit  [inf.Hrl.)  and  hepatic  tubules  {/iej>.  art.). 
Close  to  the  ori>;in  of  the  fourth  thoracic  artery  a  large 
brunch  {!/>».  ,n-l.)  is  driven  ..ft.  wliich  sui-jdies  the  terminal 
portion  of  the  vas  defei-ens.  A  number  of  arteries  arise 
from  the  dorsal  side  of  each  lateral  artery,  and  ramify 
in  the  hypodcrmal  tissues. 

I'lie  thoracic  arteries  li..  ii..  iii..  iv..  v..  vi..  vii.).— The 
course  of  each  of  (he  thcu-Mic  arteries,  with  the  exception 
of  the  sixth  and  seventh,  is  somewhat  the  same.  Kach 
runs  directly  outwards,  anil,  when  dorsal  to  the  hepatic 
tubules,  pives  oil  a  ventral  branch  which  su])plics  these. 
FoUowinfr  the  curvature  of  the  dorsal  surface  the  artery 
curves  vcritrally;  a  small  artery  arises  which  runs  into 
the  dorsal  longitudinal  niusiles.  When  it  rea.hes  the 
ins"rtion  of  the  limb  it  bifurcates,  the  inner  branch  runs 
inwards  and  supplies  the  ventral  su»-fac€,  the  outer  branch 
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"."(III  liifiirialtN  njrnin,  «hi'  ilnrmil  brunch  giipplviii);  the 
»'|iiiiu'iiil  ((/'.  I//7.)  ifjfiiiii,  tiiiil  »h<>  vciitiul  biuiith  i«  the 
tiuiiil  iiitcry  »ii|)|il\  iiiff  ilic  Uj;  {,-r.  firt.\.  The  iniii-i 
l>iaii(li('s  iif  (he  first  thiiiiicic  aitciv  Hiipiilx  iiijf  the 
vciitliil  siiitaiM'  lit  tlic  tir»t  fliniacic  m  iii'iit  unite 
in  tlie  niiil-Vfiitial  lini'  at  llic  liasf  of  the  inasilli- 
pcilin,  toiniinff  a  nictlian  aiti'iy  (PI.  III.,  tij?.  2) 
whirli  nuiN  torxviinl^  miil  >.'ivc>  dll  paiiiil  allelic^  tn  tin' 
ninxillipeJes  (mjj,.),  second  (iii.r'')  ami  first  nia\illue  (mje'), 
anil  tciniinati  o  in  tlic  liii^iia-liki'  lnwci  lip. 

'I'ln'  si\tli  tlinracic  artcrv  Minn  alter  its  iiripin  jrives 
^ifV  a  blanch  wliiili  iiiis  vcnlrally,  ami  niiitcs  with  its 
fellow  lit  the  op|io»iic  hIiIc  in  the  niiil-ventr.il  line  of  the 
intestine;  from  the  jioint  of  j  unit  ion  a  median  artejy 
runs  forwards  and  backward^,  furiniiijr'  a  siili-intcstinal 
ai'terv.  I'l-om  the  sides  of  the  sub-intestinal  artery  paired 
tnillMVerse  branches  arise  in  a  veiy  le^:ular  luauiier,  auil 
run  on  the  walls  of  the  intestine  in  tiie  oblique  grooves 
which  have  been  deM-rilicd  alinvc. 

The  seventh  thoracic  artery,  after  ruiiniu|r  oiiliijuely 
backwards  for  a  short  diNtame,  f,'ives  olf  an  aitciy  which 
bifurcates  and  s  ^jplies  the  lateral  regions  of  the  intestiuu. 
It  soon  ffivcs  otf  lidiu  its  posterior  side  a  lurpe  artcrv,  the 
nbdoniinal  artery  which  runs  posteriorly:  the  rest  of  its 
course  is  similar  to  that  ot  the  other  llimacir  ailciics. 

The  abdominal  artery  li'l.  111.,  tijf,  1,  ,ih.  mt.) 
of  each  side  runs  in  an  uiidulatiiifr  nianncr,  midway 
between  the  lateral  marjriiis  and  the  median  line; 
from  it  ari~e  small  ariciies  supplying'  the  intestine, 
muscles  and  other  tissues.  In  the  third  abdominal 
sefr'nent  it  ^ives  idf  a  ventral  biamh  which  >up|ilies 
the  three  anteiior  branchiae  u  id  the  liody-wall.  The 
fouith    and     tilth     jiairs    of    abdomimil     appendages    are 


supplied 


ft       till      «iii\i\ 


W! 


'ill 


iirtprv  in  the  fmirtli  ub<loiiiimil  M-jrim-iil  hi  the  lii«t 
iti'KiiiiMit  nil  :iitt'iv  i"  jjlvi'ii  iiH  iiiti'iiitilly  III  tlif  iht»'*Hiic, 
on  lilt'  vi'iitnil  itiilf  (if  Mliirli  it  iiiiiiHtiiiiKmoN  with  it*  fellow 
mill  fhi'  Mili-iiilt'Htiiiiil  iiitiTv.  Tin-  alMliniiiiiul  artfry 
till  llv  Icniiiiiiilci  in  tlii'  iiri>ii(nlii. 

The  venous  syiUm  i*  Liriiiiiu.  A  Ioiko  thoracic 
Minus  runs  into  thi'  iihdoiuiniil  ntfiniil  »iuui,  from  which 
five  uffcrcnt  hrnnchiiil  vcmmIh  iirisc:  ciwli  of  these 
hit'iirralfii  at  I  he  ImM-  ot  the  lirunchial  appcnflaffei, 
Hii|i|)lyiii^  tin-  suiH-rinr  and  inferior  lobe*  of  the  bronchia*. 

The  Taeonlftr  tyatem  of  the  branchiae.  The  branchiae 
arc  »ii|>|ilii'<l  liy  vciioiis  vcsmcIw  frmn  the  nbiloniiiial  »iiiii«. 
The  etfereiil  branchial  vcNHeU  open  into  the  pericardium 
by  way  of  the  braiichiii-pericanlial  lannU  (PI.  II.,  Hg.  Itl. 
br.ji.r.).  The  eiicnhitiiin  in  the  mi|ierii>r  anil  iiiferim  lobes 
of  the  abdoniinal  api>eiiilafres,  both  ot  which  are  lesjiiia- 
lorj,  i8  dilleieiit.  The  interior  nf  the  interior  IoIk-  of 
the  brunehiue  (inf./mii.)  is  teiiesl rated  by  an  iiiejrular 
system  of  lacunae,  those  of  the  outer  side  containing 
venous  blood  and  those  nt  the  inner  side  arterial.  On  the 
other  hand,  the  vascular  system  of  the  superior  lobe  (.««/'. 
Iiim.)  is  very  detinile  and  iiuiform  throughor'  tl;  ive 
pairs.  It  consists  of  a  veni)ii>  piirtioii  (PI.  II.,  tig.  I'S,  n.li.r.), 
which  is  ventral  (lookinjr  at  the  gill  from  the  anterior  face) 
to  the  arterial  system  of  vessels  {t-.b.v.).  The  individual 
arteries  and  veins  interdigitate  in  a  very  complete  marii.er, 
and  the  vase  lar  supply  is  very  rich,  as  will  be  seen  by 
reference  to  the  tigure  (PI.  ill.,  tig.  ■().  '»ii  this  account, 
the  superior  gills  caiimit  be  lnoked  upon  as  beiig  merely 
opercular  in  function  in  this  animal,  but  are  certainly 
respiratory  apinndages  of  a  very  perfect  nature. 

The  blood  is  colourless  and  contains  nucleated 
corpuscles  which  vary  in  size.  As  in  most  authropods,  it 
is  very  coagulable. 


N'KHV(»r<<    Sv»TKM. 

'Hif  niMvoun  -.yittfiii  il'l.  1)'.,  hff.  4)  is  lonipniKxl  of  u 
mru'K  iif  pairiMl  piiijjlin,  the  L'iinjrlia  ot  i-in  li  piiir  Wtwff 
rlimcly  ii|)|mi«c(I  :  tin-  >rnnj<liii  mv  coiiniH'tiMl  by  ili«tinit 
roiiiniiNMtirfM. 

'I'hf  sU|>ia-iu'f«>|iliiij;ciil  or  <'«>ri>hml  jrnnjflidn  (rer. ;/.) 
PxtcniU  acroK*  tin-  i4|iim c  lH>lw<>fii  tlic  vyvn,  iiiiti'rio'  and 
ihnal  to  Mu-  jfiit.  Tlio  pm^flioii  ccIN  luivc  hum-  (Iceply- 
Nlniiiinjr  nticlti,  ami  rhv  Hhri'»t  ari«iiijr  from  tht'iii  (l«vu«?<ate 
Hiiil  KiiiiRMt  llic  jraiijflia.  In  llic  «U|tra-ois()jilia(r»'al 
fjaiijrlin  several  loltes  lan  b«'  iliMlin^nixlicil.  On  the  tloinal 
niile  lluTo  ii  a  larjre  pair  of  l(.bc!4.  from  tin-  siilrs  of  whioh 
the  optic  staliis  arise.  Kach  of  these  optie  NlallvH  eonxistii 
of  a  proximal  lobe,  eonneeteil  l>y  eiosely  ap|Mise(l  paraih'l 
fibn-s  with  a  distal  lobe,  from  which  the  optic  fibres  arise 
and  run  liind  to  the  retinulae.  On  the  ventral  side*  of 
the  Hiipeiior  lobes  a  small  ]mir  of  median  I(d>e8  is 
situated  ;  these  are  anterior  to,  and  connected  with,  a  larfjer 
pair  of  ventral  lobes,  the  (dfaelory  lobes,  from  which  the 
the  larjje  nntennal  nerves  (ant.  ii.)  arise.  Tiie  supra- 
oesophageal  jfanjylion  is  ronnected  with  the  sub- 
ocsuphapeal  j^anjrlion  by  a  pair  of  peri-oesopliaj^eal  com- 
missure's. 

The  sub-oesophafjeal  panfrlionic  mass  is  perforated 
near  the  anterior  end  by  a  vertical  muscle  band.  The 
mouth-parts  arc  innervated  by  two  pairs  of  nerves  (m.p.n.), 
the  first  of  which  arises  lateral  to  the  perforation,  anil  the 
second  pair  posterior  to  this,  and  latero-ventral.  A  pair 
of  nerves  ((/.«.)  arise  posterior  to  thisc  and  run  ventrally 
to  the  stomarh. 

The  sub-oesopha>feal  pangliou  is  connected  with  the 
f^au^lia  of  the  first  thoracic  segment  by  a  pair  of  cords, 
from  the  midille  of  each  of  whicii  a  bifurcatinff  nerve 
arises  supplying  the  muscles  of  the  body. 
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Tlicri'  aio  seven  |mirs  of  Ihdiacic  fraiifrliit  ('/'•.'/•'•  ''"' 
j,'anf,'liu  of  cacli  i>air  luMiifr  closely  eoiineete.l.  The  pans 
of  ganplia  are  .  ,mie.  le.l  l.y  eoiiiniissiires.  those  between 
the  sixth  an.l  seventli  pairs  of  franf;lia  beinfj  very 
aliort.  Each  pair  of  thoiaeie  fi^anfrlia  f,Mves  otf  a  pair  of 
stout  nerves,  which  split  into  M'veral  parts,  and  supply  the 
appen.laK''s.  From  the  niid.lle  of  the  lenjrtli  of  tlie 
commissures  eoi.neelinir  the  Ranfjlia,  nerves  arise  which 
innervate  the  muscles  of  the  body. 

In  l.iqiii  the  abdominal  ffanfrlia  are  all  fused  into  a 
siufjle  {lan-lionic  mass  {„h.  g.)  situated  in  the  anterior 
refrlon  of  the  abdomen.  In  the  Isopoda  all  stages  are 
fouu.l.  from  the  original  separate  condition  of  the 
abdominal  ganglia  tct  the  fused  condition  occurring  m 
I.iijia.  From  the  ab.lominal  ganglion  nerves  arises  which 
supjdy  the  appendages  an.l  muscles  of  the  abdomen;  a 
large  pair  of  nerves  run  from  the  jxisterior  end  of  the 
ganglion  to  supply  the  uroiKida. 

A  small  median  nerve  runs  between  the  commissures 
connecting  the  thoracic  ganglia  from  the  snb-oesophageal 
ganglion  to  the  seventh  imir  of  thoracic  ganglia.  It  has 
been  termed  the  •  .sympatlielic  "  nerve,  but  there  is  no 
evidence  that  it  is  of  such  a  nature. 

Skn'sorv  Ok(;ans. 

The  eyes.  As  the  eyes  of  the  Ligin  occunic/i  are 
ililVerent  fnim  the  eyes  of  other  Isopods,  which  have  been 
described  by  I'aiker,  Heddar.l  ami  <ithers,  their  structure 
will  be  given  in  detail. 

They  are  compound  and  sessile,  occupyitig  almost  the 
whole  of  the  lateral  region  of  the  head.  In  the  mature 
animal  each  eye  consists  of  upwards  of  oOO  ommatidia. 
The  corneal  cuticula  is  facetted.   The  corneal  facets  of  the 
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thi'sc  cells  can  be  nceii  ill  the  tipilie,     Inteiiial  In  tliesc  are 
the   nuclei  of   the  Iwn  ((ilie  i  ells,   linn  .  nin.  .      Kaeh   of  the 
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The  rctiiiula  consists  of  six  rctiiiulae  cells 


d  not 


stated    l»v    IJeddaid    (IS.^JS).       in    this    it    a-,'rees    with 


seven, 
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ilii.  which  also  has  six  icliniilae  cells  (Parker, 
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retiniilae  cells  ;ii 


e  situated  at  their 
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-et.).  The  ihahdoni  consists  of  six  individual 
rhabihuneics,  each  rhahdiimeie  irli.)  reiiiainiii't  attached  to 
the  retinula  cell  whii  h  forms  it,  and  separate  throufrhout 
its  len<rtli  from  the  oilier  rhabdoiueies.  There  is  a  dense 
mass  of  pifjnieiit  (/','/.)  betweei 


'ach  of  till'  rhahdomeres 


d  it 


s  retinula  cell,     'i'his  inav  have  been 


formed  bv  the 


retinula  cell,  which  also  contains  a  large  amount  of 
liifjmeiit,  or  it  may  have  lesulled  from  an  intrusiiui  of  a 
process  fnnu  one  of  the  pifjuient  cells 


is   probably    the   correct   one. 

retinulae   pierce  the   basement    membrane   {b. 


'I'lie  latter  view 


The   nerve   Hbrils   of   the 
;    those 
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of  a  siiiple  omniatidiuni  fusinp  on  the  proximal  side  to 
form  a  sinph-  norvo  tibro  (<>/..„./.),  xviii.li  runs  .liruct  to 
tlic  distal  portion  of  the  optic  lobe. 

Sensory  bri8tle8.-0n  the  HaKellae  of  the  lar^e  aiiteni  r. 
there  are  a  number  of  sensory  bristles  on  each  segment. 
These  have  been  Hgured  before  by  Nemec  (18!)5).  Each 
bristle  (PI.  IV.,  tip.  •'!. .«.''.)  i«  enclosed  by  a  sheath  (.</(), 
which  is  continuous  with  the  rest  of  the  cutieula  (rtl,i.).  The 
thick  inner  laver  of  chit  in  is  pierced  by  a  canal,  the  lumen 
„f  which  is  coiuinuous  with  that  of  the  bristle.  From  the 
bristle,  by  way  of  the  canal,  a  number  of  delicate  fibres 
(„.  /.)  run  and  communicate  with  a  nuuiber  of  nerve  hbres 
Iviiipr  beneath  the  liypodermis  (In//'-).  These  sensory 
bristles  are  probably  the  most  important  organs  of  sense 
which  the  animal  possesses,  as  the  antennae  are  con- 
tinually in  use.  Besides  their  undoubted  tactile  functi(m, 
they  may  take  the  jdace  of  auditory  orfjans. 

The    inner    of    the    two    styles    of    the    uropods,    as 
described  previously,  aic  pn^bably  of  a  sensory  nature. 

KxCRETORY    Sy.STKM. 

The  excreton-  system  may  be  studied  in  two  ways  by 
feedinfj  animals  on  food  mixed  with  ammonium  earminatu 
„r  ind'ifro-carmine,  and  by  injectint:  a(|Ueous  solutions  of 
these  substances  into  the  body  cavity.  The  latter  method 
is  the  most  satisfactory,  but  should  be  supplemented  by 
the  first.  The  injections  are  nmde  with  a  hypodermic 
syringe  (or  a  pipette  drawn  out  to  a  fine  point).  The 
animal  is  injected  on  the  ventral  side,  at  the  base  of  one 
of  the  ai)i.en.lagcs.  and  may  be  killed  from  :".  to  48  hours 
after  the  injection  and  fixe<l  in  absolute  alcohol  or 
Flemming's  solution. 

'I'lic  excret(.ry  organs  of   Isoi)ods  have  been   studied 


liv  Biuiit/  (1904),  witli  whose  results  my  observations 
on  l/it)iii  iicmiiini  ;iiv  in  iijfiicincnt.  'riicic  arc  lour 
kinils  of  exeretory  oijirans,  two  of  whirh  are  nephrocytes, 
either  grouped  or  scattered;  the  third  is  a  definite 
ne])hridiuni,  or  "  kidney."  and  the  fourtii.  certain  cells  in 
the  he|iatopanereas. 

'Ihe  maxillary  kidneys,  or  nciihridia.  (neur  in  the 
basal  portion  of  the  second  pair  of  maxillae.  They 
consist  of  two  parts  the  saccule  and  la'oyrinth.  The 
saccule  is  a  slifjlitly  convoluted  tube,  which  Yejdowsky 
considers  is  a  remnant  of  the  obliterated  coelom.  It  is 
blind  at  one  enil,  and  o])en>  at  the  other  into  the  labyrinth. 
The  cells  forming  the  wall  of  the  saccule  are  larpe  and  of 
excretory  nature.  The  labyrinth  communicates  with  the 
exterior  by  a7i  aperture  at  the  base  of  the  second  maxilla. 

The  cephalic  nephrocytes  are  situated  at  the  bases  of 
the  first  antennae.  They  occur  alonj;  the  ventral  and 
lateral  sides  of  the  levator  muscles  of  these  appendages. 
These  cells  arc  fairly  huge;  the  protoplasm  is  homo- 
geneous and  contains  a  number  of  granules. 

The   b  '    nephrocytes  occur  in   the   abdominal 

region,  <lors  ■  attailnnent  of  the  branchiae.     There 

are  five  ];aii>  .■  groui)s  of  branchial  nephnn'ytcs.  They 
are  situated  in  two  lateral  lines,  each  line  running  above 
the  points  of  attachment  of  the  abdominal  appendages, 
and  their  outer  edges  read:  tlie  bases  of  the  epiuieral 
plates.  Each  group  borders  on  two  segments,  the  first 
group  bordering  on  the  last  thoiacic  and  first  abdominal 
segment.  The  ncphi-ocytes  lie  on  the  sides  of  the  branchio- 
pericardial  canal  '  II..  tig.  l(i.  I,r.  iiij,/i.}.  They  are 
large  celi.s,  and  the  cyto])lasm.  which  is  vaiuolated, 
contains  many  granules.  Nemec  considers  thi'  branchial 
nephrocytes  to  be  a  syncytium,  but  the  cell  boundai.es 
are  very  distinct,  as  Hnintz  also  noticed. 
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Brunt/,  iiitind  that  ci'itiiiii  small  cpUs  of  the 
pjitlicHuiu  of  llip  hepatoimm  Tt-as.  calli'il  '  FtMineiilzclleii  ' 
bv  WcIkt,  pass  colounMl  solutions  such  as  acid  fuchsin 
finui  the  hoily  cavitv  into  the  lumen  of  the  duct  and  are 
excietoiy  in  nature. 

Reprouuitivk  Oiiu.ws. 
Tiie  reproductive  orpans  of  Lii)iii  mniniai  arc  simple 
in  structure.      In  the  male  (IM.IV.,  tip.  4)  tliere  are  three 
pairs  of  elongate  fusiform  testes  (t.),  each  heiuj?  prolonged 
into   a   Hue   Hlament.      '!"he.v    are   situated   (h)rsal   to   the 
intestine  in  the  second  and  tliird  thoracic  sepmenn.     The 
three  testes  of  each  !*ide  are  phiced  in  seiies,  and  .ipeii  ii.to 
a  vas  deferens  ((.'.</.)  ol   uniform  widt!i   throughout  the 
preater  part  of  its  lenpth.     I'he  vasa  deferentia  are  u    lally 
white  and   extended.      'Iliey   are   situated   on    the   dorso- 
lateral sides  of  the  inte>tine,  and  e.\teiid  in  a  horizontal 
direction    to    the    seventh    thoracic    sepinent.       In    this 
sep     "*  they  narrow  abruptly  to  form  two  iiariow  ducts, 
which  -nirve  vcntraHy  round  tlie  liepati.'   tubules;    each 
opens  at    the    base    of    a    styliform    appendape    (st.  np.) 
situated    on    the    ventral    sidv    of    the    seventh    tiioracic 
sepinent,   on   one  side   tlie   median    line.     Tlie   testes   are 
divided   by   slipht   constrictions   which    indicate   ditterent 
repions    of    spermatogenesis    in    the    interior.        In     the 
process  of  spermatopenesis  the  spermatids  unite  in  varymp 
numbers  to  form  ((donies.  their  cell  walls  disappearinp. 
The  nu(dei  elongate  considerably,  and  very  tine  fibres  are 
formed   which   may    be   attached    to    the    nmlei,    but    on 
account  of  their  extreme  tenuity  the  writer  is  unable  to 
be  certain  ..n  this  point.     -Miss  Nichols  found  the  same 
difticnlty  in  the  spermatogenesis  of  </«^^</^;  ,^■.r//(^^•.     'I  he 
whole  sperm  colony,  as  it  may  he  termed,  together  with 
the  cytoplasmic  fibres,  is  surrounded  by  a   protoplasmic 
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sheath.  Tho  anterior  end  of  this  is  fl;i<rflli\tp.  niul  by 
coiitniftioiis  of  the  slightly  musiuhir  walls  of  the  testis  it 
is  foieed  into  the  vas  deferens.  Mere  the  s])erni  colonies 
are  fonnd  honnd  tofjetJK  i  in  masses  (I'l.  IV..  tip.  •")).  The 
suhstanee  wliieli  causes  *liis  eohesinn  is  prnbahly  .lecrpted 
by  a  niinilier  of  larpe  cells  wljicli  are  situated  in  the 
anterior  end  of  tlie  vas  deferens  near  the  ;ipeninprs  of  the 
testes. 

In  the  female  (he  ovaries  are  very  cdnspiemius  in  the 
hreedinp  seasrm.  entirely  tilling  nj>  the  dorsal  part  of  the 
body  cavity.  They  lie  at  each  side  of.  anil  heneath.  the 
heart,  and  extend  from  the  first  tln'i.icic  sepnient  to  about 
the  fourth  abdominal  sepment.  They  are  usually  tilled 
with  epps  of  ajjproxiniately  the  same  si/e.  A  short 
distance  behind  the  mifldle  of  the  ovary  a  thin  walled 
oviduct  is  piven  off.  This  opens  to  the  exterior  by  a  small 
hinpitudiiial  slit  at  the  base  of  the  fifth  pair  of  pereiopods, 
immediately  at  the  base  of  the  brood  pouch  lai  .ellae.  these 
beinp  the  last  pair  of  brood  |)ouch  lamellae. 

The  ova  are  large,  oval  in  shape,  and  contain  a  larpe 
amount  of  yolk.  In  c()i)ulatinp.  the  male  walks  on  to  the 
back  of  the  female  and  prasps  the  anterior  thoracic 
sepments  with  the  frst  three  i)airs  of  pereiopods; 
copulation  may  last  one  or  more  days.  After  the  egpa 
are  extruded,  they  are  carried  about  by  the  female  in  the 
brood  pouch,  where  they  develop:  the  younp  remain  for 
ii  >l)ort  time  in  the  brood  pouch. 


Devixoi'mknt. 

The  development  of  l/igin  oreanieii  has  been  studied  by 
Xusbaum.  Aecordinp  to  Nusbanm,  the  rly  cleavape 
is  discoidal,  althouph  MeMurrich  has  found  superficial 
or  centrolecithal  segmentation  in  the  Isopods  which  he 
has  investigated.   The  first  cleavage  cell  becomes  separated 


from  thp  rest  of  the  yi.Ik  iiiul  li<>s  on  tlip  ppripliciy,  whore 
it  cnntiiiues  to  ilivide.  an<l  so  forins  a  rap  of  blastodonri 
ipUs,  no  ck'avapp  cells  reinaininp  in  the  footl  yolk.  The 
startinjj  point  (orre«pon<lH  to  the  I'oint  where  invagination 
takes  place  later,  tliat  bein^r  at  the  posterior  end  of  the 
ventral  side  of  the  embryo. 

After  the  formation  of  the  blastoc'erm  a  thickening 
is  forme<l.  eorrespondinp  to  tlie  tnture  ventral  side.  This 
thirkening  is  the  germ  disc.  Shortly  afterwards,  three 
divi.^ions  of  the  germ  disc  make  their  appearance.  Two 
anterior  jjalred  portioiis  (IM.  IV..  ti^,'.  (i,  ii.m.)  represent  the 
formative  region  of  the  mesoderm;  a  median  thickening 
((•/((/.)  situated  posterior  to,  and  between  tiiese,  re])resent8 
the  fundament  of  the  endoderni.  The  germ  baud  is  nest 
formed  by  a  probable  forward  growth  of  the  niesoblast 
rudiments  Ixdow  the  ectoderm,  (he  ectoderm  increasing  in 
thickness.  Thrpc  pairs  of  buds  arise;  these  arc  the 
rudiments  of  the  limbs,  and  this  stage  (PI.  IV.,  fig.  7) 
ciuresponds  to  the  Nauplius  stage.  Hehind  these  rudi- 
ments, and  in  front  of  the  anal  aperture,  is  a  mesoVdastie 
area,  termed  the  formative  area  (f.:.),  from  which  the 
remaining  segments  of  the  body  will  develoj).  The 
airangement  of  the  mesoderm  cells  in  the  formative  area 
is  extremely  regular. 

At  the  beginning  of  the  formation  of  the  mid-gut  a 
number  of  cells  (vitellophags)  leave  the  endoderm  and 
wander  inward  k  they  do  not  take  any  part  in  the  forma- 
tion of  the  mid-gut,  but  assist  in  the  disintegration  of  the 
yolk.  The  mid-gut  is  formed  from  two  layers  of  cells 
which  arise  from  the  eudoderm  rudiment :  these  lie  below 
the  germ  band,  and  gradually  grow  round  the  yolk,  each 
being  concave  on  its  inner  surface.  By  means  of  a  ventral 
median  piece  they  unite  in  the  anterior  region,  and  tiually 
enclose  the  yolk  by  growing  round  to  the  dorsal  side,  so 
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tlia<  Uii"  \(ilk  1m'C(iiii('h  stUTiiiiiKliMl  by  iiiid-jrut  cpithcliiun. 
Two  flastk-sliappd  VPsiclos  are  constiictcd  off  on  «?afli  side 
of  the  anterior  ciul  of  tlu'  miil-fjuK  Tlicse  arc  tlie 
niilinicntM  of  (lie  he[)atic  ttitiuleN,  which  arc  formed  by 
tlieir  bacUw.inl  growtli,  and  a  longitudinal  constrict  ion 
and  divinioii  of  each  rudiment  into  three  i)art!<. 

The  rudinipiits  of  the  thoracic  limbs  are  biramous 
(PI.  I\'..  fijr.  iS),  a  fact  which  is  used  in  support  of  tlie 
theory  that  the  Crustacea  have  descended  from  a  schi/o- 
|)oilous  ancestor.  In  l.iijiu  the  inner  limb  (endoiMnlite) 
aiont'  develops,  the  exopodito  boing  suppressed. 

The  nervous  .system  aiises  as  a  continuous  wh(de  from 
the  ventral  thickening  of  the  ectoderm  between  '.he  limb 
rudiments.  The  thoracic  ganglionic  rudiments  are  paired, 
but  those  of  the  abdominal  segments  are  unpaired.  Three 
pairs  of  ganglia  form  the  supra-oesophageal  ganglion, 
namely  the  optic,  first  and  second  antennal.  The  sub- 
oeso])hageai  ganglion  is  formed  by  the  fusion  of  four  pairs 
of  ganglia  the  mandibular,  first  and  .second  maxillar  and 
the  muxillipedal.  There  are  rudiments  of  seven  ganglia 
in  the  abdomei  ;  rudiments  also  of  seven  ])airs  of 
abdominal  appendages  are  originally  formed. 

The  heart  is  formed  by  the  fusi(ui  of  two  dorso-lateral 
layers  of  cells,  crescentic  in  section,  uud  lying  dorsal  to  the 
gut.  The  limbs  develop  successively  from  before  back- 
wards. In  the  earlier  stages  of  develoj)ment  the  embryo 
has  a  dorsal  curvature,  but  later  it  becomes  ventral.  On 
hatching,  the  young  isopod  possesses  six  pairs  (mly  of 
thoracic  appendages,  which  are  imperfectly  segmented, 
and  not  setose  ;  the  cephalic  region  of  the  young  animal  is 
large  in  proportion  to  the  rest  of  the  animal.  It  leaves 
the  brood  pouch  of  the  female,  and  after  several  moults 
attains  the  adult  form. 
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I'l.ATI      I. 

I.itl'ni  nri'iiiiiiii  (I.iiMi.l.  (1(11  >iil  view,    x     I. 


Pi.viK  ir. 

Fip.     I.     FiiJtt     aiili'iina     s('<'ii     fioiii     the     side:      niufli 

(■iilnijrt'(l. 
Fip.     ■•.'.     SiMMind  iiiitciiiiii  of  left  side  •icoii  fioi.i  kIk.vc. 
Fip.     -1.     Ticft  mniidiUlc  seen  tioiu  Ixdow. 
Pip.      I.     'IVctli  and  iimlar  iikkcss  (if  maiidihlc  fnnu  tlic 

IMisloiidr  side. 
Fig.     ij.     First  niuxilln  (if  loft  side. 
Fip.     <i.     Sopoiid  maxilla  of  loft  sidr. 
Fiff.     T.     Left  masillipedr. 
Fip.     N.     First  pereiopud  of  male. 
Fip.     !•.     Seventh  pereidpod  "f  male. 
F'ip.  10.     Secdud  abdominal  appendape  (or  pleopod)   of 

left    side  of  male,  showinp  ropulatnrv   style; 

anterior  view. 
Fiff.  11.     F'ourth  abdominal  apjiendape  (jdeopod)  of  male. 

posterior  view,  sliowiiip  tlie  inner  lamella. 
Fip.   I'i.     Third         reiopod    of    female,    attached    to    the 

epinier;>l  plate,  showinp  one  of  the  brood  pouch 

lamellae  arisinp  from  the  sternum  internal  to 

the  appendage. 
I'Mp.  l:').     Fourth      abdominal      apjK'ndape      of      female, 

anterior  view.     The  inner  lamella  can  be  seen 

by  transparency  :   also  the  afferent  (<i.h.v.)  and 

efferent  (r.h.iw  branchial  vessels. 
Fip.  14.      I'ropod    showing  sensory  process  at   the  ti])  of 

the  inner  stvle. 
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V'ni.  l'>.  Iiil.iinr  of  tin-  riglit  *!<!••  "f  '''<•  ^t""""!'  ''''"' 
HiniiiiM'li  lliiH  \.c.ii  ..prn.-.l  l.v  a  vfili.al  siMtion. 
a  little  to  till'  rijflil  "t  'I"'  m  ''I'm'  •'""•  ""  '''"' 

tlio    inr.lian    vnilial   t.mtli    li.is   1 h    l«'in..vc.l. 

Tlic  jririiti  r  i>ail   "I   tl""  raitliuf  ri'jfiiMi  "»'  flu- 
st(.iiia(  li  in  siiiiniin.li'.l  l»y  a  l..y.'r  of  .•iiniuMtivf 
tisMir.    (,»./.M  aiiKTo-Inlcial  tooth;  If//.)  <l<'rxnl 
Uiinclhi;  (A<7<.)  lic|mtojmiit rtnlii'  tulnilc;  (/.«■./.) 
Int.-ral  .anliar  lamella:    i/.r.l.)  lati'ial  carUiac 
tootii;    (»i.".M   median   aiiteiior  toolli :    (or^.) 
opso|)ha>fUs ;       (r./.M      veiitirrlnternl      tooth: 
iv.l.it.l.)  ventKrlateral  )>yloric  lamella:    (r.c/.) 
ventral  eanliae  tooth. 
Fig.  m.     Tiaiisversi'     section     throujjh     the     ahilominal 
region.     The  abdominal  appendafr*-  of  the  left 
side  is  omitted.     (<"/.  ''"•''.)  ndipoHO  tissue  eclls; 
•,  •.)     Iwdy    lavity     (liaenioeoel);      {l>r.  nr/ih.) 
!,ianchinl    nephrocytes;     {hr./i.f.)     hrnnehio- 
pericardial  canal:   (il.f.ni.)  dorsal  lonpitudiunl 
muscles:   («-/*/«M  epimeron :    (/i/.)  heart :    (/;// 
him.)  inferior  lamella  of  gill:    (/n:  in)  levator 
muscle  of  appendage:   (»"/</.(/.  I  niid-gul  :  (/'.'■) 
pericardium:    (.«/'.)   sei)tum   forming  Hoor  of 
pericardium:    (.ui/i. />iiii.)   superior   lamella    of 
gill:    iti/.)  typhlos(de:    (rf./u/i.)  vcntro-latpral 
lie|»atopancrtitic      tuluile:      |c. /ic/'.)      ventral 
hepalo]mncre;itic      tubule:      (r./.ni.)     ventral 
longitudinal   muscles. 
VUr.   \i.     Transverse    s«M>tion    of    two   of   the    rosctte-like 
salivary   glands.     The   left    section    shows   ihe 
common    duet    ('.r/.|    of    the   glandular    cells, 
formed    by    the    uniting    of    the    intracellular 
ducts  (ir.t/.):    ii.r.<l.  is  the  nucleus  of  the  cell 
which  pnd>ably  forms  the  riunmon  duet. 


AA 
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Fijr.     1. 


Fig. 


rip. 


l)i»Hc.  li.iii  "I  III!'  iiilfiiiil  sy>l«'iii  Irtuii  llif  tlorwil 
MJilc.  riif  iiiiiiii  iiitfrinl  IriinkH  iiic  ilrawii 
w.iiHwhnI  largtT  tliiiii  tlu-y  iiii-  milunilly.  Ft.r 
llit>  Silk*'  of  cIciuiifHit,  (U'tuiN  of  till-  unaliiiiiy 
luivc  Ui'U  iimiltcd.  inh.nrt.)  ulHloiiiiliiil 
iulfiv:  (nr.i/.i  ccifldiil  KUiiglinii;  dr.  int.) 
cnmil  iirliiy:  {i/t.nil.)  fpinu'ral  aiterif-*; 
{ijeii.iiH.)  jjciiitnl  aiti-ry;  {he/>.iiH.)  hi-imtir 
ailfii.'s;  (A'. I  lifarl :  {int.  mt.)  iii(«'»liiu»l 
iiilciy:  (Int.  lilt.)  latfial  aHi-ry;  [mnl.  no.) 
iiiiMlian  aorta :  (n/'."-)  <il>li«lialnii<-  artery; 
(.>x/.M.stiuiii:  (iriit.iirt.)  voiitral  artfiy;  (i-vii) 
tliKiaiir  artt'iii!*. 

Ailcrivs  <if  tin-  lot't  Hiih'  "f  ventral  suifaif  nf 
head  ami  tirsl  tlioiaeic  segments,  (ant.  mt.) 
aiiteiiiial  artery.  {f,i<:  art.)  iaeial  artery; 
(intiiiil.itrl.)  maiiililmlar  artery;  (m.c'.l  artery 
of  Hrxl  maxilla;  {in.r".)  artery  "f  seeoml 
maxilla;  (m,./<.i  artery  ..t  maxillipede;  ('«.*. 
,n-l.)  ..em.pliageal  artery.  Otlu-r  referemes  as 
in  the  preet'ding  tigun-. 

Afferent  vessels  <if  the  superior  lamella  of  one 
i)f  the  ahdominal  apiiendages  injeeted  with 
indigo-tarmine  from  the  sternal  sinus. 
The  nervous  system,  seen  from  above  after  the 
removal  of  the  muscles  and  viscera.  ,"''.?/•) 
ahdominal  g.mglion:  (nut.-.)  antennaiT 
nerve:  ('/.".)  nerve  to  stonmcli ;  {iiieil.  ii.) 
median  nerve;  {iii./'.n.)  nerves  of  nnmtli 
apiicndages;  l»y^/.)  optic  Io1h-s;  (*iih-oi.i.  ij.) 
suh-ocsophageal  ganglion;  (Th'.ij. 
thoracic  ganglion. 
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I'LATK    IV 

F.if       I.      l-....Ril«.lim.l   MTlH-u  ..I   a   Mii^l im.li.Huin. 

(l)m*i.  will.  Ih.-  <ai"i".  lu.i.h.i       I""-  '""•• 
„,.,-,.*i....v  .■.....■:    ('..m.i   J.aMU....I    n.i'U.l.n....'; 

(,.«/..i  .'nm-:  «»rw.<«/.).......'al.uli.iilu:  (»</,. 

,,„,.,, nuK.u.nf  <•.....•  .fU;  i».,..  ,W.)  ..u.lfH>  "f 

,1„.  irlii...h.i  -<H:  (»/'•/'•/  I  "!'«''• '"''■'■'■*''*"■  = 
(/»/.)    i.i>fn..Mil;     !/'</.<  I    l>i>f »«"•»>    <•'••'=     "■•'■' 
...tiuular   ..11:     ('''I    rl.ul).l..m.-n':    (w./..//'.i 
MiW.ain'al  hyiMxlviimil  •••H- 
Tn,nsv.M»..  MMli..n  ..f  ..nm.ali.li.in.  showing  tlu' 
six  i.-tim.la.-  •■.lU  aii'l  tl"'i'-  il'i'l'«>"'"«''«-^- 
L„„^^it...linal  s,..linu  tl.l•u,.^rl,   tl,..  -uii.'l.'  ..f  a 

M.^rn..nl  ..f  \Ur  HajTi'lla  "»  <>"'  ^''""•l  I'""'  "'^ 
,,„„.„„;„.  t.,  sIm.w  a  ..■..s:.i.v  l..i>tl.'  a».l  Ms 
,u..v..  supply.  ('/,.)  tl.i.k  lay.-.'  ..»  .I.iliu; 
(,7/,/.)  .uti.uia;  (A.v/M  Uyp".li'i«"ttlh.yi-r;  («./.) 
n..rv,.  tihrils:  (.«./..!  s.M.M,.-y  l.iistl.-:  (•*/..»  Hh.'ath 
of  s.'Hsory  Inisil.'. 
Fij,       I.     (ivu..n.tivi.   ...k;...s   of    ll..-    .    -1...      (M    le..tes; 

..p...,i,.>r    i"U.    (•••'/■)   "'•■   ^'^   '''•»'■••''"*•    ^'.''"•'' 
.,p,.ns  ..xt....ially  l.v  (!..•  .lvli»M,m  apiK'U.U.Ki's 

(.1/.  (I^A). 

Fiif  •■..  A  .oll^ti""  "t  ■spi'r.u-.-l""ii''-"  as  th.-y  an- 
t..«n.l  i..  th.-  vas  .K-t...rn-,  n,  .1..-  -nh.-s.v.- 
subhtaii..'  >.-.  r.-t.-'l  l.y  til.-  lait.  r. 

Fi.r  (;.  Earlv  sta^.-  iu  tl,.-  .l.-v.-lopm.-i.t  ,.f  tl..'  <■>.'>,'. 
sliowiu^r  tl..-  .l.-avajr..  c,f  tl..'  >r.-.iu  .l.x'  M.t"  tl..- 
two  a..lo.-o-lat.-n.l  h..-s...l.-.-..  t.ii..la....-nts  «rm.) 
a...l  tl..-  ......liai.  po.t.-iinr  ...nl.Ml.-vm  fu...la....-ul 


Fijr 


V'xft- 


Tl„.  •n.i.ii.liu-'  Mtii»r.-  "f  tl"-  .l.-v.ln|.iudit  "f 
Uiii'i,  ^iM.wiii^  111."  Iliivf  iiuupliiir  iipiMii.lajf.*. 
(!.,».)  mill  CJ."!  ll««'  Hr»f  an.l  -•••'•n.l  |>iiirn  of 
niilfiiiia.'.  uii.l  the  luaii.lil.l.H  (»..»»»,/.  r.  (.«</.  I 
,.i..l...l.Ti..   fHn.liiiiitiit :    (/.:.»   f..iumliv»'  /...uf : 

A  later  «lajfc  in  iIh'  .Uvtliiiuiiful.  -»li'>wiiiir  tl"<' 
rloh(rati<iii  "t  ll.i-  foniialiv.'  aii.l  tlif  formal i.m 
of  •.i|i|H-iHiaK<'!«.  "1"'  ''"•  riiiliii»'iil»  of  tin- 
tranjflia.  (/«/-.)  ami-;  (I.  aii.l  V.  m.r.<  .ir»l  aii.l 
H).|«ii.l  pairsof  i.iaxillai-.   ("<.f//.)  iiiaxilliHot. 


Thi-  last  three  fi>r«ir.s  an-  .»ft«r  NuHliaii 
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